This investigation compared, by quantitative analysis, the surface roughness of dental porcelain submitted to three different treatments (glaze, trimming and polishing), utilizing a surface profiling instrument.
INTRODUCTION
An important question has emerged in the literature concerning the implications that higher or lower roughness has on the functional properties of a surface.
Naturally, it may be expected that more harmful wear and tear functional behavior is related to a rough ceramic surface rather than a flat surface.
In addition, bacterial biofilm and pigment accumulation is favored on a rough surface, resulting in damage to the adjacent soft tissue and also in the possibility of material staining1, 2, 4, [6] [7] [8] . Surface roughness can be measured using a roughmeter (quantitative method), which allows different parameters to be obtained. In this case, the median roughness (Ra) is the parameter most used by various authors in order to evaluate the materials for Dentistry. The present study proposed to determine whether there is any correlation between the Ra parameter and the other parameters (Rz, Rpm, Pc and Rpm/Rz), comparing the roughness of proof bodies at three moments during laboratorial and clinical phases of porcelain restorations:
glazing, diamond burs grinding and polishing. MATERIALS 
AND METHODS
A transparent fluorapatite glass ceramic, trade mark IPS d. SIGN, (Ivoclar, Liechten-stein-batch B3675312), was used to construct the proof bodies (n=12). This material presents fluorapatite crystals that are not added to the glass, but produced through controlled crystallization process. Transparent porcelain evaluation was utilized as this material usually composes the external surface of aesthetic restorations. The porcelain powder was mixed with the specific agglutinative liquid (IPS d. SIGN Build-Up Liquid, Ivoclar, Liechtenstein, batch B36695), and taken up with a plastic syringe, the extremity of which was removed; the syringe plunger was tractioned leaving a 4 mm gap. The mass was applied in increments using a spatula (Microfil Instruments 96041 Gold, Almore International Inc. Portland, Oregon), simulating the laboratorial technique.
The porcelain mass was condensed inside the syringe by the spatula friction. The agglutinant excess was removed using absorbent paper and, when the syringe was filled out, the plunger was pushed and the proof body deposited on a sheet of glass wool. The porcelain oven (Phoenix Quick Cool Porcelain Furnace, Ceramco, USA) was calibrated and the proof bodies were burned according to the manufacturer's instructions as reference.
When the sinterization was concluded, the proof bodies had diameters of 20mm and were approximately 3mm thick. The proof bodies were then regularized with a mounted oxide of aluminum impregnated stone (Dura-White Stone, format CN1 for low speed handpiece, Dental Shofu Co., USA), and once more burned (final glaze of the ceramic). All the proof bodies were fastened to an acrylic ruler with cyanoacrylate, using the same face that was in contact with the glass wool during the burn. For the roughness measurement a Surftest 301, series 178 (Mitutoyo of Brasil Ind. and Com. Ltd.), was utilized. The cut off, or cut point, which numerically specifies which width frequencies should not be considered by the electric filter, was established at 0.8mm.
The Ra parameter (median roughness), Rz (median of the maximum profile heights of five sample lengths), Rpm (median of the maximum profile heights related to the median line of five sample lengths), Pc (peak count per centimeter with superior and inferior bordering line adjusted to 0.25 microns) and Rpm/Rz (proportional parameter) were evaluated. Each proof body was evaluated in 6 different portions using a random right and left movement related to the sensor.
This was performed after each of the following stages: 1. Initially, the proof body roughness was measured after the glaze in a porcelain oven (glaze treatment); 2. The proof bodies were ground using a trunk-conical diamond gross granulation KG Sorensen, Brazil), and were measured again. This grinding was performed using the bur long axis parallel to the proof body surface for approximately 5 seconds, simulating the clinical adjust in the porcelain restoration (grinding treatment) removing completely the glazed external surface;
handpiece were used under cooling in order to eliminate the crudest roughness (diamond bur number 3195F and 3195FF, KG Sorensen, Brazil). This grinding was also accomplished using the bur with its long axis parallel to the proof body surface.
The F and FF burs were applied for approximately 5 seconds in each experimental sample, until the crudest points disappeared from the surface. SEM pictures of the three diamond burs are presented in figures 1, 2 and 3. The proof bodies were then also polished with two silicium carbide silicon wheels; the first one with medium granulation (EVE KERAMIK R22VK, EVE, Germany), and the other with fine granulation (EVE KERAMIK R22NK, EVE, Germany).
To control and uniform the polisher rotation, a suspension motor was used (Dremel Multi Pro, model 395 type 5-Dremel, Racine, WI-USA) at 15000rpm. The polishers were used according to the manufacturer's instructions; excessive compression on the proof bodies was avoided by performing lightly circular movements. The application period of 10 seconds (median time) was enough to demonstrate the effects of each of the silicon polishers on the porcelains surfaces.
Finally, a felt wheel with a low speed handpiece was utilized to apply a fine diamond particle paste (Crystar Past, Kota Ind. and Corn. Ltd., Brazil) which performed the polishing refinement (polishing treatment). A final measurement was made using the roughmeter. After each of the three stages described above, the proof bodies were put in an ultrasound apparatus (Thornton T14, Thornthon Inpec Eletronics Ltd., sao Paulo, Brazil) filled with water, facilitating the removal of any trace that could harm the roughmeter reading.
Additionally, 3 samples of porcelain were made to obtain SEM pictures of each phase: glaze, trimming and polishment. The statistical analysis of the results was performed by ANOVA (variance analysis), using the Microsoft Excel 97 program (significance set at 5%). Table 1 presents the median results and standard deviation of each parameter, in each one of the appraised situations, as well as the interactions between the different treatments for each parameter. Figure 4 presents graphically the mean values obtained. Figure 5 presents a sample of the graphics generated by the roughmeter during the measurements. Figures 6, 7 and 8 presents the SEM pictures obtained for the glazed, trimmed and polished specimens respectively. With the exception of the Rpm/Rz coefficient, the grinding step resulted in significantly different values for all parameters which were higher than those provided by the glaze and polishing steps. Comparing the glaze and polishing steps, it can be seen that the polishing step resulted in aplaining and smoothness and/or effective irregularities removal mediated by the action of the diamond abrasive rotation burs which offer an even flatter surface than those observed in the glaze step. The correlation between the parameters analyzed after different treatments demonstrated that the Ra parameter (median roughness) was capable of clearly showing the higher proof body roughness of the group which underwent grinding compared with the polished and glazed groups. However, although the Ra (median roughness) values obtained for the polished and glazed proof bodies were different; these differences did not reach significance (p>0.20).
RESULTS
When the other parameters were analyzed, the polishing treatment provided the lowest roughness of the groups.
Analyzing the SEM pictures ( fig. 6, 7 and 8) , the polished porcelain specimen presented the best surface smoothness. The proportional parameters are considered an important reference for the functional surface properties13). However, the Rpm/Rz parameter was not useful for the distinction between the characteristics of the grinding and polished or glazed surfaces.
Rpm/Rz presented compatible values with the other parameters (except Ra) when comparing glazed and polished proof bodies. Observing the SEM pictures, an important difference can be observed between the three samples, with the polished one presenting the best surface smoothness. 
DISCUSSION
Quantitative surface analysis with a roughmeter is used for the evaluation of the majority of restoring materials9).
Many publications report the use of a certain parameter to define material roughness, but they do not explain or explore the reason for the method of choice. Since the use of the roughmeter generates a diversity of parameters, a more detailed explanation regarding the meaning of each parameter is of extreme importance so that the results obtained can be appraised and compared.
In the literature, the Ra parameter is always employed10-13), but poorly characterizes the surface properties and the potential wear. Whitehead et al. (1999) verified that the Ra parameter should not be used alone to describe the surface roughness, since it does not accurately demonstrate the real surface profile. Therefore, the use of Ra in conjunction with other parameters obtained is necessary12,13). The Rpm parameter offers relevant information regarding the functional behavior surface14). A high Rpm demonstrates prominent crests on the surface presence relative to the medium line. In contrast, a low value can indicate better functional properties.
Pc allows the identification of surface irregularities. Rpm and Rz supplemented with this information can express the crest height determination as its frequency per centimeter or inch. A lower Pc indicates lower roughness.
The Rpm/Rz coefficient allows us to predict if a surface is a full crest surface, or if the surface presents a flat aspect. The higher the value, the worse the surface.
From a functional point of view, these situations define high or low potential material wear, since the presence of crests indicates a smaller contact area with other surfaces.
After adjustments in the occlusal contacts or in the form of the ceramic restoration which result in removal of the glazed layer, reestablishment of the surface integrity is necessary3,10). When it is not possible to perform another glaze burn, an appropriate polishing process should be used5,7,11)). Although the glaze treatment results in better surface smoothness, this was not accomplished in this investigation, were the polished specimens presented the best result.
The flaws created during the trimming process were completely removed as observed in the SEM pictures.
The polishing can bring some advantages to the restorations, since the polished porcelain presents better flexural resistance than the glazed one. This probably occurs due to the elimination o flaws over the surface or to the generation of a compressive stress. This phenomenon could indicate that the polishing should be performed routinely by the dental technicians8).
The polishing materials employed in this study (finishing diamond burs F and FF, silicium carbide silicon wheels and diamond polishing paste) demonstrate (based on quantitative analysis) the effectiveness of polishing in the ceramic evaluated.
CONCLUSION
Quantitative analysis of proof bodies using a roughmeter allows us to conclude that: 1. The polishing treatment results in the lowest surface roughness for both ceramics evaluated; 2. The Ra parameter demonstrated no correlation with the other parameters in some of the situations appraised, indicating that the median roughness (Ra) should always be accompanied by the analysis of other parameters that can describe the functional surface properties with fidelity; 3. The grinding of surfaces with diamond rotating abrasive burs resulted in an increase in all the parameter values, demonstrating the harm that these burs may cause when in contact with other surfaces (clinically, the teeth and antagonistic restorations, and the surrounding soft tissue), and showing that a polishing treatment is always necessary after any kind of grinding; 4. For quantitative analysis, the sequence and the materials employed for the polishing treatment were revealed as effective in providing an appropriate ceramic surface smoothness after grinding using gross particle diamond abrasive burs.
This smoothness was demonstrated as quantitatively superior relative to that obtained after glaze burning.
